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This report is part of an overarching project developed in collaboration with the COP26 
Universities Network and the British High Commission. The COP26 Universities Network is 
a growing group of over 80 UK-based universities working together to help deliver an 
ambitious outcome at COP26 and beyond. In this first ever collaboration of its kind, the 
network has brought together top researchers and academic figures from the UK and 
Singapore to publish a series of four reports aimed at supporting policy development and 
the UK’s international COP26 objectives in Singapore and across Southeast Asia. The 
reports focus on the following areas: 1) energy transition, 2) nature-based solutions, 3) green 
finance, and 4) adaptation and resilience. These bite-size and highly condensed 
papers will provide a high-level understanding of the challenges and opportunities 
arising from climate science and policymaking in the ASEAN region, as we seek to 
transition to a greener economy. Readers are encouraged to review all four reports to gain 
a more comprehensive picture of climate change issues in the ASEAN region.”  
Southeast Asia is highly susceptible to both current and future climate change impacts. The 
most recent United Nations Intergovernmental Panel on Climate Change (IPCC) report 
released in August 2021 presents a dire forecast for the region. This includes risks and 
hazards such as rising sea levels, increased droughts, longer and more intense storms, as 
well as higher heat and humidity indices. Yet with these ominous predictions, the region holds 
enormous potential for local, regional, and global-scale climate change mitigation and 
adaptation solutions.  This report on Nature-based climate solutions (NbS) displays a thread 
of opportunity that weaves many aspects of the other three reports together. ASEAN holds 
the highest amount of global carbon stocks for climate mitigation, while at the same time, they 
provide added risk and hazard adaptations as discussed in the Resilience and Adaptation 
report. Further, given the enormous NbS assets the region holds, the Carbon Finance report 
touches on the ability to bolster the region’s economic prospects through nature-based carbon 
credits. And finally, as we transition into a low-carbon economy, the Energy Transition report 
will discuss the vital role that nature-based climate solutions play in future economic and social 
justice scenarios.  
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II] Key Policy Recommendations  
  
1. Prioritise investment in research, governance, and technology aimed at nature-based 
climate solutions science to capitalise on the region’s climate mitigation potential. 
 
2.  Southeast Asia has the highest global density of carbon stocks. Nature-based climate 
solutions are readily available, cost-effective, and should be swiftly implemented in the region 
for climate mitigation and adaptation. 
 
3. Co-benefits such as biodiversity and livelihoods are a critical criterion of nature-based 
climate solutions projects. The highest quality NbS projects are those that deliver both 
effective climate mitigation and important co-benefits such as reduced haze and improved 
biodiversity.  
 
4. Green carbon can provide approximately 20% of all tropical NbS in a cost-effective manner, 
yet these projects only represent about 2% of the total verified carbon credits in the region 
(~0.03 Gt CO2 yr-1).  Increasing the amount of green carbon NbS in the ASEAN region can 
reduce carbon emissions by 1.35 Gt CO2 yr-1. 
 
5. Restoration of degraded peatlands and improved water table and fertiliser management in 
peatlands under agriculture has the potential to make a nationally and regionally important 
contribution climate change mitigation of 170 and 412 Tg CO2 eq yr-1 for restoration and 
improved management, respectively. 
 
6. Blue carbon in mangrove, seagrass and saltmarsh ecosystems can sequester and store 
carbon dioxide at substantially higher rates per hectare and for much longer timescales than 
most terrestrial ecosystems. The protection of mangroves alone could save as much as 
887 Tg CO2 by the end of the century, and the restoration of blue carbon ecosystems 
will sequester additional CO2, while also providing climate change adaptation benefits for 
local communities.   
 
7. The global market for nature-based climate solutions is growing, with significant potential 
in the ASEAN region.  NbS projects in SEA have a potential of US $27.5 billion per year ROI, 
yet only 3% of green finance is spent on NbS.  Additionally, there are impending significant 
governance constraints to restrict NbS project investment. ASEAN member states should 
prioritise a regional approach to capitalising on NbS investments to achieve individual member 






III] Introduction  
 
To reach net-zero by 2050 in accordance with the 2015 Paris Climate Agreement’s goal of 
limiting global warming to below 2°C, greenhouse gas (GHG) emissions must be cut by nearly 
50% by 20301. Despite the growing urgency to mitigate climate change, GHGs continue to 
rise by 1.4% per year2,3, adversely impacting the developing Southeast Asian (SEA) region. 
The Association of Southeast Asian Nations (ASEAN) has four of the top ten countries most 
affected by climate change (Vietnam, Myanmar, Philippines, and Thailand)4.  Despite the high 
risks of adverse impacts and vulnerabilities, the region poses enormous opportunity for NbS.  
This potential is, however, currently undervalued as a regional and global climate change 
mitigation strategy.   
 
NbS are climate mitigation tools that, through natural processes, reduce atmospheric 
concentrations of GHGs and facilitate carbon sequestration and storage. The International 
Union for Conservation of Nature (IUCN) defines NbS as “actions to protect, sustainably 
manage, and restore natural or modified ecosystems that address societal challenges 
effectively and adaptively, simultaneously providing human well-being and biodiversity 
benefits”5. Recent studies show that investing in NbS increases the likelihood of achieving the 
Paris Climate Agreement by 66%6,7. As a result, there is increasing discourse in global climate 
and policy settings to both recognise and increase the use of NbS. These solutions are widely 
available in Southeast Asia. We focus on three particular types of ecosystems that have a pre-
eminent role in climate mitigation:   
1. Green Carbon: Terrestrial-based carbon sequestration (e.g. forests and 
agriculture) 
2. Peatland Carbon:  Terrestrial wetland-based carbon sequestration (e.g. peat 
swamp forests) 
3. Blue Carbon: Coastal ecosystem-based carbon sequestration (e.g. mangroves 
and seagrasses) 
 
Globally, Southeast Asia has the highest density of NbS, providing excellent prospects for not 
only climate mitigation and co-benefits, but also creating widespread opportunities for both 
public and private investment (see Temasek Ecosperity Report on the Business case for 
Nature-based climate solutions8). Adoption of the IUCN9 core principles would mean that NbS 
are “an integral part of the overall design of policies, and measures or actions, to address a 




IV] Part One: Green Carbon 
IV.1 Identification and description of mitigation options   
   
Known GHG emissions from different land-uses 
Existing long-term studies of GHG emissions1 from different land-uses on mineral soil in the 
ASEAN region show that fertilised agricultural land (e.g. oil palm or rubber plantations) has 
higher nitrous oxide (N2O) emissions than natural forests (even if disturbed or logged)2-6. 
Methane (CH4) fluxes from mineral soil in the ASEAN region are generally small and fluctuate 
between small uptake and small emissions. The exception are flooded rice paddies which 
have high CH4 emissions. The best estimates of mitigation potential to date are summarised 
in Table 1. 
 
Table 1. Mitigation potential of 7 green natural climate solutions pathways at “cost-effective” 
levels (<100 USD Mg CO2e-1). Units are mean annual million metric tonnes of CO2 equivalents during 
the period 2030-2050 (Tg CO2e yr-1). Values taken from Griscom et al. 20207, note that Griscom et al. 
20207 did not include Singapore and Brunei. 
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Cambodia 42.50 1.23 0.48 8.99 0.00 0.03 11.23 
Indonesia 458.27 187.49 8.23 4.83 4.44 0.14 66.68 
Laos 44.64 14.95 0.31 0.58 0.00 0.03 10.02 
Malaysia 137.18 14.76 0.27 0.65 1.82 0.00 10.05 
Myanmar 52.37 19.49 1.87 6.63 0.00 0.12 29.19 
Philippines 17.63 0.25 0.99 2.77 0.57 0.05 17.67 
Thailand 36.11 0.00 1.70 12.29 3.27 0.00 29.35 
Vietnam 43.67 11.83 2.03 3.64 2.65 0.13 18.41 
 
 
          Photo by: Alex M. Lechner 
                                               
1 The most commonly known greenhouse gas is carbon dioxide (CO2).  However, non CO2 gasses 
include, inter alia, methane (CH4) (e.g. 80x more potent than CO2; from agriculture and extractive 
industries), nitrous oxide (N2O) (e.g. 300x more potent than CO2; from nitrogen-based fertilisers and 





It has been recognised that forest cover programs are important in ASEAN-member countries 
as a factor to mitigate GHG emissions8. Present expectations are that reforestation in these 
countries can sequester large quantities of carbon in order to mitigate excessive emissions 
elsewhere. However, any program that aims to set aside land for the purpose of sequestering 
carbon must do so without displacing communities and threatening food security in the region. 
One of the options for releasing lands for reforestation and therefore carbon sequestration 
would be the intensification of agricultural production on some of the better lands, for example 
by increased fertiliser inputs, which ultimately enhance GHG emissions (e.g. N2O)9.      
 
Agricultural management 
Main GHG emissions from agriculture (including cash crops such as rubber and oil palm) on 
mineral soil are N2O emissions. There are management options to reduce these, such as 
following fertiliser recommendations, as application of too much nitrogen (N) creates a surplus 
of N not required by the crop and instead becomes available for microbial N2O production; 
use of slow release N fertilisers and cover crops (ideally N fixing plants, which allow reduced 
application of mineral N fertilisers)10. CH4 emissions from rice cropping can be reduced by 
more effective water management strategies such as drip or micro-irrigation. These methods, 
in turn, reduce energy consumption, promote water savings, reducing labour, as well as 
fertiliser inputs, whilst at the same time maximising yields. At the same time, agroforestry can 
increase carbon sequestration by and mitigates emissions from cropland11.  
 
 






IV.2 Co-benefits for NbS on land 
 
Co-benefits from NbS include climate change adaptation, which is particularly important for 
SEA, as it will be disproportionately impacted by climate change12,13. In urban environments, 
co-benefits include better air quality, reduced flooding risks, cooler air, less noise, and well-
being benefits provided by urban green spaces13. In natural and semi-natural ecosystems 
biodiversity conservation is an important co-benefit as Southeast Asia is a biodiversity 
hotspot15,16. Co-benefits also include securing and regulating water supplies in catchment 
headwaters through the protection and restoration of natural forests along with nature-based 
tourism and biodiversity17,18. Within agricultural landscapes, including monoculture 
plantations, and rice farming, NbS co-benefits, in addition to food production, can potentially 
be maximised using various management practices19. Irrigated rice, which is the main 
cultivated agroecosystem in Asia, can potentially provide a range of ecosystem services 
similar to natural wetlands, such as drought regulation and biodiversity conservation, when 
good agricultural practices are followed20,21. While in oil palm landscapes, specific 
management measures, such as agroforestry and mixed crop plantations10,11 can prevent or 
reduce the loss of ecosystem services22. 
 
Table 2: Land-use, intervention options, impact on emissions and co-benefits for terrestrial forest and 
agricultural systems on mineral soil (green) and on peatlands (teal). 
 
 
aDose, timing and type of fertiliser important to reduce N2O emissions 
bIntermittent drainage of rice fields to reduce CH4 emissions 




IV.3 Implementation and prioritisation   
 
Green NbS can reduce carbon emissions by up to 1.35 Gt CO2 yr-1 or ~20% of all tropical NbS 
in a cost effective way7,23. However, at the moment only a few NbS projects exist. For example, 
the total amount of carbon offsets generated by the current 18 Southeast Asian NCS projects 
certified by the Verified Carbon Standards represent only ~2% (or ~0.03 Gt CO2 yr-1) of the 
total NCS potential for the region (see Verra Registry12). Existing projects include Malaysia’s 
sustainable forest management implementation and enhancing the forest sinks13 while 
Indonesia reports three mitigation actions in the agriculture sector: management of lowland 
rice; utilisation of cow manure fertiliser as compost (a trade-off being an increase in N2O 
emissions); and utilisation of livestock biogas14.  
 
Factors such as high opportunity and development costs, land-use constraints and operational 
limitations are barriers to setting up some NbS projects. For instance, designation of NbS 
projects on land that supports smallholder agriculture could displace livelihoods, compromise 
food security and lead to land grabbing. Further, long-term security of carbon stocks within 
NbS projects requires site maintenance and protection against anthropogenic and natural 
threats including illegal logging, tree diebacks (from both droughts and floods) and wildfires. 
In the case of reforestation, accounting for on-the-ground financial, land use and operational 
constraints across Southeast Asia limits the climate mitigation potential to a small fraction 
(0.3–18%) of the biophysical potential28. By focusing on areas with fewer barriers, NbS 




Figure 1. Map of profitable green carbon areas across the Asia-Pacific region with overlaps with key 
biodiversity areas and rural communities. Profitable carbon data from Koh et al. 202125. 







IV] Part Two: Peatlands 
V.1 Identification and description of mitigation options 
 
Peatlands are amongst the world’s most efficient natural systems for carbon capture and they 
offer a substantial nature-based solution to climate change. Terrestrial plant biomass 
decomposes in waterlogged and oxygen-poor conditions, leading to the accumulation of peat 
which acts as a carbon sink. However, peatland carbon storage is ensured only as long as it 
is saturated by water. Lowering of the water table alters the balance between peat 
accumulation and decomposition, resulting in the release of stored carbon as greenhouse 
gases (mainly as CO2). 
Tropical peatlands contain some of the richest carbon stocks, yet they are also the most 
threatened, with nearly 50% of all tropical peatlands being classified as degraded15. In 
Southeast Asia, peatland degradation reaches to approximately 80%11, primarily by 
deforestation, drainage, as well as fire. At the moment, drained and burnt peatlands emit 
around 3-4% of global GHG emissions15,16. Preventing further degradation of peatlands will 
protect their vital role in carbon sequestration and storage. Additionally, implementing peatland 
conservation and restoration measures mitigates climate change and acts as an NbS by 
avoiding future GHG emissions. 
  
Opportunities for NbS for climate mitigation on peatlands 
The main areas of tropical peatlands in ASEAN are in Indonesia, Malaysia and Brunei. Both 
Indonesia and Malaysia have considerable areas of peatland that can contribute towards 
climate mitigation17. The three main categories of peatland that can be used for NbS are: (i) 
degraded peatland such as fire-prone forest and scrubland areas, (ii) peatland areas used for 
industrial scale production of oil palm and pulp wood, and (iii) smallholder agriculture on 
peatland that mainly produces fruits, tubers, vegetables, rubbers, and oil palm.  
 
Estimated potential emissions reduction from NbS on peatlands are 476, 106 and 0.9 Tg 
CO2eq yr-1 in Indonesia, Malaysia, and Brunei, respectively (Table 3). This equates to 17, 146 
and 15% of the NDCs in Indonesia, Malaysia, and Brunei, respectively, highlighting the 
importance of sustainable peatland management to support climate mitigation. In Indonesia 
and Malaysia, the largest gains in climate mitigation from NbS on tropical peatlands are firstly 
from better management of industrial plantations and secondly from restoring degraded 
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Table 3. Mitigation potential of 4 peatland natural climate solutions pathways at “cost-effective” 
levels (USD <100 MgCO2e-1). Units are Tg CO2 eq yr-1 based on current emissions savings. Values 
calculated based on GHG emissions reported in the scientific literature from different land uses 
including emissions of CO2, CH4 and N2O. Avoided emissions from protecting peatland forest from 





Protect – Forest Manage – Agriculture 
   
Restore – Forest 
Country Avoided Forest Conversion18 
Industrial plantation 






Indonesia 59000 204.0 123.0 149.4 
Malaysia 12200 67.9 17.4 20.2 
Brunei 270 0.002 0.1 0.8 
 
Values calculated based on annual GHG emissions reported in the scientific literature19–40 for peatland 
forest, industrial plantation, smallholder agriculture and degraded peatlands not used for production. 
Values combine emissions of CO2, CH4 and N2O using their global warming potential and are scaled 
to the area of different land uses17,41 in the three ASEAN countries that have substantial peatland 
areas. Only studies reporting CO2 fluxes from peat degradation (i.e. excluding impact of vegetation) 
were included in the calculations as this gives more accurate representation of CO2 losses. Mitigation 
potential for improved management of industrial plantation and smallholder agriculture and restoration 
of degraded peatland are calculated using emissions from pristine peatland forests as the baseline.  
Avoided emissions from protecting peatland forest are based on the total carbon stock (i.e. both 
biomass in trees and in the peat soil) in intact peatland forests. 
 
 





V.2 Implementation and Prioritisation 
 
NbS mitigation options for peatlands fall into three categories (i) protection of existing forest 
from fire and conversion to plantations or agriculture, (ii) raising of water tables and replanting 
forest with native species, and (iii) raised water tables, reduced fertilisation, and increased 
mixed cropping on existing plantation and agricultural land. Protection of existing peatlands 
should be a key national priority in the peatland-rich nations of Indonesia, Malaysia and 
Brunei as further degradation of peatlands will dramatically increase the emissions of GHGs. 
Regeneration of degraded peatlands must combine reforestation and raising water levels to 
natural high levels (i.e. close to the land surface) to stop fires. As peatlands cover large areas, 
integrated landscape-level approaches are needed. 
 
Large-scale businesses can be regulated via their permits and their adherence to certification 
schemes, e.g., the Roundtable on Sustainable Palm Oil (RSPO). For example, severely 
degraded oil palm plantations must be rewetted and restored to forest for companies to 
adhere to the certification. In smallholder plantation areas the main mitigation options are 
two-fold: first, moderate raising of water tables and reducing fertiliser inputs; second, develop 
alternative livelihoods to farming in peatland areas and restore farmland to forest. Such 
options need to be discussed at the appropriate local government level and with community 
groups to ensure uptake and benefit to the communities. Financial incentives and 
demonstration of successful options are needed. 
 
When deciding which NbS to target, policy makers must consider: the greatest opportunity 
for mitigating climate change in the context of a particular country; the scale at which the 
intervention needs to be taken to be effective; potential conflicts with current uses of that land; 
and the co-benefits linked to the mitigation option (Tables 2 and 3). Restoration of degraded 
peatlands such as fire-prone scrubland is a key recommendation as this action is highly 
effective for climate change mitigation, does not cause conflicts with financial outputs from 
plantations or farm areas, and will have the important added benefit of stopping fires which 
result in transboundary haze (Tables 2 and 3).  However, the logistics of rewetting and 
replanting remote areas are challenging and potentially costly, and require long-term 
commitments (see next section on Barriers to implementation of NbS mitigation).  More 
environmentally friendly management of plantations is our second recommendation. Key 
actions include integrated approaches that consider both above- and below-ground 
ecological principles11 not just to protect these unique ecosystems but also to improve socio-
economic outcomes42. Additional vital and achievable actions include controlling water tables 
to make sure they are no more than an annual average of 40 cm from the peat surface and 
reduce fertiliser inputs. Water tables as close to the surface as possible, e.g., at 20 cm will 





V.3 Co-benefits for NbS on peatlands 
 
Restoration of peatlands brings several very important co-benefits. Rewetting peatlands stops 
fires, reduces haze and improves human health. Restoring peatlands will improve the quality 
of water in rivers and increase downstream water availability during droughts. Reforesting 
peatlands will improve the conservation and recovery of biodiversity and provide opportunities 
for tourism. Other sources of improved revenue include new markets for wetland crops on 
peatland areas, as well as cost-savings from reducing fertiliser inputs. 
 
V.4 Barriers to implementation of NbS mitigation 
(policy/human/physical) 
 
Monitoring and verification constraints 
Monitoring: Accurate datasets of peatland area and loss, and data on carbon stocks, fluxes, 
and emission factors are important in estimating national-scale sinks and emissions for 
Nationally Determined Contributions (NDCs), and for proving carbon additionality for site-scale 
projects. Foundational datasets are available for the area and extent of peatlands17,44 while 
carbon stocks, fluxes, and emission factors have been widely investigated45–48. However, there 
remain major gaps in knowledge on peat depths, volumes and carbon stocks, and 
uncertainties regarding the impacts of fires, drainage, application of fertilisers on peatlands, 
and particularly regarding the effectiveness of different NbS in mitigating the effects of 
disturbance on peatland carbon losses and greenhouse gas fluxes, and preserving the 
benefits that these ecosystems provide15,42.  
 
Carbon verification (of industrial plantations): Starting from 2017, the RSPO requires public 
reporting of GHG emissions assessment for new developments and has developed a New 
Development GHG Calculator to assist the estimation of GHG emissions, where emissions 
from peat cultivation are calculated based on a CO2 flux measurements equation45. Under the 
RSPO Drainability Assessment Procedure, companies are also required to phase out oil palm 
and/or rehabilitate the assessed area at least 40 years prior to reaching the drainage base. 
While these efforts are commendable, the extent to which they will provide a motivation for 
accurate reporting needs to be considered. Lack of verification data means that financing of 
long-term restoration projects can be difficult. However, with the advent of new technologies, 
such as remote sensing (i.e. satellite and drones), as well as the Internet of Things (IoT) 
networks, verification does become more effective.  
 
Financial constraints 
Protection – avoiding emissions: Many peatland protection projects in Indonesia were initiated 
in the hope of securing funding from either the carbon markets or REDD+ finance 
mechanisms. However, the economics of carbon sequestration may not provide sufficient 
funding to out-compete with other potential peatland uses. At COP21, it was acknowledged 
that carbon markets are insufficiently developed to support climate change mitigation efforts. 
Furthermore, there has been a mismatch between the initial perception of funding 
opportunities from foreign governments and their actual availability49. For example, Norway’s 







Management – raising water tables and reducing over fertilisation: Wetland agriculture is often 
proposed as an alternative economic activity for smallholders that will raise water tables and 
control fires on peatlands. However, despite the identification of a number of potentially 
suitable crops, wetland agriculture development in Indonesia and Malaysia is very limited due 
to knowledge gaps, uncertain market conditions and unsupportive regulatory environments42. 
To counter the problem of fertiliser over-application, solutions like the use of slow-release 
fertilisers, mixed cropping techniques or adopting microbial ecology principles to enrich the 
beneficial biota for increased productivity and reduced oxidation can be used. However, these 
high-tech interventions are yet to scaled-up due to operational costs and low awareness. 
 
Restoration – regeneration of peat swamp forests to remove GHGs: Estimates of the cost to 
complete Indonesia’s peatland restoration agency’s (i.e. BRGM’s) proposed 2-million-hectare 
peatland restoration initiative range from USD 1.7 billion51 to USD 4.6 billion52, substantially 
more than the funds allocated to the challenge across Indonesian (USD 60 million) and 
international donor (USD 140 million) budgets51. Furthermore, as restoration projects are in 
nature very long-term, obtaining continuous project funding over long periods can be 
challenging, and this is compounded by various financial disincentives including the over-focus 
on firefighting over fire prevention, community members becoming reliant on wages for 
restoration projects, and lack of infrastructure for alternative livelihoods like eco-tourism42.   
 
Governance constraints 
Peatland degradation across the region has been driven by the expansion of industrial 
plantations for palm oil, rubber and acacia as part of national strategies for land-use 
development and foreign direct investment. In particular, palm oil has been designated as a 
Key National Economic Area for Malaysia and a strategic commodity for Indonesia53.  Both 
countries have put in place jurisdictional-based palm oil sustainability schemes but best 
management practices for planting on peat under these schemes remain vague. Furthermore, 
the federal-state system in Malaysia empowers regional/state authorities to de-gazette 
protected peatland areas. 
Some national-level legislation and policies exist that may impact positively on peatland 
sustainability, including Malaysia’s capping the total oil palm area to 6.5 million hectares and 
Indonesia’s peatland moratorium, its Online Single Submission System54 for new land 
investments, and policy PP 71/2014 juncto PP 57/201655 which requires the maintenance of 
an average groundwater level of 40-cm depth from the ground surface to reduce fire hazard 
and slow down the peat decomposition process. In both countries, however, challenges 
remain in safeguarding protected forests from illegal logging, land encroachment and 
conversion by companies and communities. In Indonesia, while companies can be better 
controlled through regulations, there are exceptions for peatland use and drainage facilities 
for the local communities with smallholder agriculture on peat occupying as large an area as 
company plantations. 
NbS interventions on peatlands alter the way in which humans interact with their environment 
and significant challenges remain in ensuring long term and equitable benefits for local 
communities. Peatland restoration involving canal-blocking activities to manage water tables 
may disrupt community use of canals and their water supply to the surrounding communities. 
Conflict may also arise between governments, NGOs, or donors and communities over the 
selection of tree or crop species for forest regeneration, where communities may prefer 





V.5 Case study of peatland under restoration 
 
Several degraded peatlands are under active restoration to reduce fire risk (and thus haze) 
and improve their ecosystem functioning. Such restoration actions need to weigh the 
ecological ‘needs’ of the degraded peatland against the needs of local communities. One 
example of a peatland under restoration is the North Selangor Peat Swamp Forest which is 
the largest peat swamp forest remaining in Peninsular Malaysia. This peatland has been 
impacted by smallholder and industrial-scale plantations. An Integrated Management Plan has 
been developed (facilitated by an NGO, Global Environment Centre, and the state Forestry 
Department) aimed at preventing further forest degradation and forest fires and restoring 
degraded areas to a more natural forest. 
 
Management actions typically focus on water resource management, fire prevention and 
control, forest protection and rehabilitation. Local communities living in and around the forest 
and industrial stakeholders are also engaged to enhance local livelihoods. As a result, large 
areas have been restored by the local communities themselves. For example, collaboration 
with plantation companies and smallholders has resulted in raised water levels in boundary 
canals, and local communities carrying out fire patrol and prevention in buffer areas. Key to 
the success of restoration of this peatland has been the community-based approach, the 
development of the management plan in consultation with multiple stakeholders, and the 
combination of rewetting and replanting of the forest.  
 
 




VI] Part Three: Blue Carbon  
  
“Blue carbon” is the organic carbon stored by vegetated coastal ecosystems, primarily 
mangrove forests, seagrass meadows and tidal marshes. Blue carbon ecosystems share two 
key characteristics: firstly, their ability to remove greenhouse gases from the atmosphere (or 
their emissions if they are lost) must be substantial. We now have strong evidence to show 
that blue carbon ecosystems are able to sequester and store carbon dioxide at rates per 
hectare that are substantially higher than most terrestrial ecosystems56,57. Secondly, carbon 
must be stored over time scales relevant to climate change; blue carbon ecosystems are able 
to do this over millennia in their waterlogged soils. 
 
Southeast Asia has the most extensive mangrove forests globally, covering 5.2 Mha58. 
However, they are some of the most threatened in the world; 80% of all human-caused 
mangrove loss globally occurs in 6 countries in Southeast Asia58. Rates of mangrove loss 
have reduced since the 20th century, but Southeast Asia’s mangroves were still lost at 0.2% 
per year between 2000 and 2012, with rates in particular countries such as Myanmar 
averaging 0.5% per year. Approximately 30% of mangrove change was caused by conversion 
to aquaculture, 22% to rice paddy, and 16% to oil palm59. 
 
Southeast Asia is also home to more than 3.7 Mha of seagrass meadows60. Regional rates of 
seagrass loss are less certain than for mangroves, but could be as high as 2.8% per year61 
which is an order of magnitude higher than rates of mangrove loss. The causes of seagrass 
loss are also more diverse than mangroves; in addition to land cover conversion through 
reclamation and urban development, seagrasses are also strongly influenced by point source 
threats such as trawling, and diffuse stressors such as watershed organic pollution. 
 
 
Photo by: Daniel A. Friess  
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VI.1 Scope of Blue Carbon Opportunities in Southeast Asia 
 
The threatened status of mangroves and seagrasses in the region give a clear opportunity for 
management to contribute to both conservation and restoration of blue carbon stocks and 
emissions reductions from land use change. Opportunities abound at both the national scales 
(NDCs) and at the site-scale for the generation of carbon credits. Of the ASEAN nations, only 
the Philippines included blue carbon in both categories of their initial NDCs62, though interest 
in blue carbon for NDCs has increased subsequently and blue carbon is being increasingly 
incorporated into the 2021 updated NDCs. Similarly, we are seeing rapid and substantial 
interest in the establishment of local-scale carbon credit projects in the ASEAN region since 
2020. 
 
Opportunities for mangrove blue carbon 
At the national scale, mangroves are now explicitly discussed in the context of NDCs for 
Indonesia, Malaysia, Philippines and Vietnam. There is substantial scope for saving carbon 
through “avoided deforestation”; regional mangrove carbon stocks add up to approximately 
1900 Tg C (approximately 45% of the world’s total), and Indonesia alone was responsible for 
almost 50% of global carbon emissions linked to mangrove deforestation between 2000 and 
201263. If all ASEAN countries stopped human-caused mangrove deforestation, it could save 
as much as 887 Tg CO2e yr-1 by 2100, or 66% of the world’s total (calculated from Adame et 
al., 202164). Griscom et al. (2020)7 similarly highlight national-scale opportunities for both 
avoided deforestation and restoration of carbon (Table 4).  
 
Table 4. Mitigation potential of 2 mangrove natural climate solutions pathways at “cost-effective” 
levels (<100 USD Tg CO2e-1). Units are mean annual million metric tonnes of CO2 equivalents during 
the period 2030-2050 (Tg CO2e yr-1). Values taken from Griscom et al. 20207, note that Griscom et al. 
2020 did not include Singapore and Brunei. Seagrasses were not included in Griscom et al. 2020’s 
analysis due to a lack of spatially explicit information. 
 
 
Protect - Wetland Restore - Wetland 
Country/Territory Avoided Mangrove Loss 
Mangrove 
restoration 
Cambodia 0.41 0.13 
Indonesia 24.29 4.38 
Laos n/a n/a 
Malaysia 2.13 0.39 
Myanmar 3.19 1.02 
Philippines 1.72 0.37 
Thailand 1.37 0.41 





At the site scale, a recent analysis suggests that 577,300 ha of Southeast Asia’s mangroves 
may meet the criteria for blue carbon avoided deforestation projects and be financially viable, 
equating to a climate change mitigation potential of 20.3 million tCO2-e per year65. There is 
also ample scope for restoration or other land management changes to increase blue carbon 
stocks. More than 300,000 ha of formerly converted mangrove areas may be biophysically 
suitable for restoration in Southeast Asia66, and mangrove restoration interventions can 




Figure 2. Map of potential opportunities where mangrove blue carbon projects are feasible (purple) and 
profitable (green). Source: Zeng et al. (2021)65. 
 
Opportunities for seagrass blue carbon 
Seagrasses lag behind mangroves in terms of incorporation into blue carbon strategies. 
Seagrasses are currently not embedded in ASEAN NDCs61, in part because their marine 
status means that they are often not considered under terrestrial land use emissions 
accounting. However, the potential to do so is huge. Regional seagrass carbon stocks have 
been coarsely estimated at 429 Tg C. High rates of habitat loss mean that regional carbon 
emissions from seagrass loss range from 0.7-2.1 Tg CO2-e per year; seagrass conservation 
to reduce these emissions could help ASEAN countries meet 7% of their CO2 emissions 
reduction goals by 203061. Opportunities may also exist to restore seagrass and their carbon 
stocks, though successful experiences in upscaling seagrass restoration are limited in the 
region. 
 
We have substantial knowledge gaps on the potential opportunities for site-scale seagrass 
blue carbon projects. This is in part due to data availability, but also because blue carbon 
projects for seagrasses are complex as threats to seagrass blue carbon are often diffuse, 
originate across large areas (e.g., watersheds), and hence require many participants to be 






VI.2 Limitations of Blue Carbon in Southeast Asia 
 
Despite the huge interest in blue carbon from government, non-governmental and commercial 
stakeholders, the implementation of robust national carbon accounting or on-the-ground blue 
carbon projects is limited. 
 
Scope and scales of blue carbon 
 
The small extent of blue carbon which is constrained to the coastal zone, means that blue 
carbon contributes only ~1.3% of global carbon sequestration by vegetated ecosystems56, 
meaning that its influence on climate change mitigation at the global scale contribution is likely 
to be limited. However, there is scope for blue carbon to contribute to emissions reduction at 
the national scale56 particularly if high rates of mangrove loss in some countries such as 
Myanmar can be reduced further. But the most impactful scale is likely to be the site-scale; 
their high carbon densities per hectare compared to other ecosystems means that blue carbon 
ecosystems can generate high densities of carbon credits to support livelihood projects or 
local offsetting.  
 
Monitoring and verification constraints 
In terms of blue carbon data, the region’s mangrove forests are generally well represented in 
terms of stocks, but we lack robust and regionally appropriate information on carbon fluxes 
(gaseous, dissolved) and emissions factors during habitat conversion. Our knowledge of 
seagrass stocks and fluxes are substantially behind mangroves, though recent efforts have 
increased the base knowledge, particularly for ASEAN seagrass stocks61. We have little to no 
knowledge of tropical saltmarsh distribution, habitat loss, carbon stocks and fluxes across 
ASEAN countries. 
 
Carbon verification methodologies have traditionally been based on terrestrial projects. It has 
been particularly challenging to incorporate soil carbon into existing accounting mechanisms, 
which have generally not been considered for terrestrial ecosystems, but represent the largest 
proportion of peatland and blue carbon pools. Encouragingly, verification organisations have 
recently focused on adapting their standards to be more applicable to blue carbon projects, 
such as updating the Voluntary Carbon Standard REDD Methodology Framework VM0007.  
  
Financial constraints 
Resources for blue carbon conservation can come from public and private funds. Examples 
of public funds include those linked to the achievement of international conservation 
agreements (e.g. the Global Environment Facility) and commitments under the Paris 
Agreement. Prominent amongst private funding are opportunities for Payments for Ecosystem 
Services (PES), in which buyers (such as tourists) pay for a service provided by a blue carbon 
ecosystem (such as desirable snorkelling over seagrass meadows). 
 
Blue Carbon PES projects can have significant initiation costs (for example, around USD 
400,000 in the case of the Kenyan initiative Mikoko Pamoja67) and once established need to 
ensure sufficient income to meet the costs of marketing, monitoring and verification. The flows 
of ecosystem service must therefore be sufficient to meet these costs. A sole focus on one 
service, such as carbon, can make this difficult; for example seagrass may have insufficient 
carbon density to make carbon-based PES projects viable. Solutions to this may involve 
combining a single service across ecosystems (for example combining carbon across 
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mangroves and seagrasses), incorporating, stacking or bundling multiple ecosystem services 




Governance of blue carbon ecosystems can occur at multiple levels and jurisdictions. 
However, their position in often marginal lands in the intertidal and subtidal zone means that 
these ecosystems often fall through the “policy gap” between terrestrial and marine 
governance structures. Across ASEAN, management of blue carbon tends to fall under the 
remit of multiple ministries. As such, it is sometimes not clear who has authority for mangrove 
and seagrass management, or the authority to reduce stressors that occur higher up in the 
watershed but ultimately flow downstream and affect blue carbon dynamics. Blue carbon 
ecosystems can also find themselves in the middle of conflicts between different ministries or 
agencies with different mandates, e.g., biodiversity conservation vs. food security. Indeed, 
historically, mangrove losses across ASEAN were driven by economic and food security 
objectives. 
 
There are paths forward to clarify governance structures and overcome these challenges. 
Legislation and policy can be used to restrict land allocations (e.g. state policy designates 
aquaculture covers <30% and mangrove forest >20% in Vietnam69) but the designation of 
these targets is somewhat arbitrary and rarely includes fully-budgeted evaluations of carbon. 
Establishing and enforcing marine protected areas (MPAs) is one way to promote 
environmental governance. Across ASEAN, protected marine areas comprise low proportions 
of total marine areas: Thailand (4.4 %), Philippines (2.5%), Malaysia (2%), Indonesia (2%), 
Vietnam (1.7%), Brunei Darussalam (1.4%), Singapore (1.4%) and Myanmar (0.31%)70. MPAs 
can better incorporate intertidal and ‘terrestrial’ systems such as mangroves. Local-scale 
initiatives that encourage greater community governance, such as community forest 
management and PES can have positive blue carbon outcomes, if we can ensure long term 
and equitable benefits for local communities. Tangible socio-economic, socio-cultural and 
ecosystem co-benefits are at the heart of successful NbS and full engagement of all 
stakeholder groups is necessary in planning NbS projects. 
 
Adoption of the IUCN9 core principles would mean that NbS are “an integral part of the overall 
design of policies, and measures or actions, to address a specific challenge”. Across ASEAN, 
the threats to coastal ecosystems often cross national borders, park designations and 
terrestrial-aquatic ecosystems, and successful delivery of blue carbon will require cooperation 
and coordination across the ASEAN region and beyond, with local management actions being 





V1.3 Co-benefits of blue carbon approaches 
 
Conservation and restoration using blue carbon can also protect or increase a vast array of 
other co-benefits that these ecosystems provide. Mangroves and seagrasses support local 
livelihoods through the creation of provisioning services such as fuel, construction materials, 
food products (including fish and shellfish) and sources of traditional medicines and 
pharmaceuticals. Both ecosystems are well known for their role as a fish nursery and as a 
form of coastal protection against some types of meteorological events. Increasingly, we are 
also beginning to understand the cultural services provided by blue carbon ecosystems, 
particularly recreation and ecotourism, which is estimated to be a multi-billion dollar industry 
in mangroves globally71. The benefits of ASEAN’s mangroves alone may be worth an average 
of USD 4,185 per hectare per year, and ongoing mangrove deforestation means that we may 
be foregoing benefits of USD 2.2 billion per year by 205072. These numbers are themselves 
likely to be underestimations, as many benefits cannot be easily monetised.  
 
 







Nature-based solutions offer countries real opportunities for meeting their NDCs in a cost 
effective way. The impact of some NbS options, such as forest restoration, will continue over 
the coming decades, while improved agricultural management such as reduced nitrogen 
fertiliser application and the use of intermittent flooding in rice agriculture may result in faster 
emissions mitigation. To maximise the use of NbS, stronger policy frameworks, controls of 
compliance and long term financing are urgently needed. Indeed, with increasing support and 
interest from corporates, NGOs and development banks, the transacted volume of nature-
based carbon credits in the voluntary carbon market grew by over 250% between 2016 and 
2018, from 14 Tg CO2e yr-1 to 51 Tg CO2e yr-1 73. In addition to the promising economic factors, 
it is the tangible socio-economic, socio-cultural and ecosystem co-benefits that are at the heart 
of successful NbS projects. Accordingly, full engagement of all stakeholder groups is 
necessary in successful planning NbS projects. 
 
With this limited supply and growing demand, there is an urgent need to rapidly increase the 
implementation of high quality NbS73. One key consideration is the potential financial returns 
on NbS projects if they are funded through carbon finance25. For example, the Southeast Asian 
region is estimated to generate USD ~19.6 billion per year by protecting terrestrial (including 
peatland) forests at risk from deforestation, with the largest potential within Indonesia (USD 
10.1 billion per year) and Malaysia (USD 2.6 billion per year)25. By prioritising areas with the 
highest returns in terms of climate mitigation, NbS can maximise its ability to draw from public 
and private sector investments.  
 
NbS will be further maximised as governance arrangements within ASEAN countries allow 
and support the creation of carbon projects. Given the enormous potential of NbS investment 
and subsequent co-benefits to the ASEAN region, it is imperative for ASEAN member states 
to coordinate the carbon credit market to both capitalise on their fiscal returns and co-benefits, 
but to also adequately meet their Paris Climate Agreement NDC objectives. Nonetheless, for 
the effective implementation and coordination of the carbon market across the region, it is 
vital that the terms within Article 6 of the Paris Climate Agreement – which would govern how 
carbon credits are managed, accounted, and traded locally and internationally through 
national or commercial carbon projects – are resolved in the upcoming COP26 in 
Glasgow. Nature-based solutions will not be successful, however, if they are solely judged on 
investments and returns alone; all projects should safeguard and ensure equitable benefit 
sharing to local communities living within NbS landscapes. Indeed, it is vitally important to 
highlight, however, that while economic returns are a great outcome of NbS projects, the 
strength and true value of NbS come from social and ecological co-benefits.  





VIII] Glossary  
  
Additionality: Additionality is an essential criterion for credits in all standards and schemes. 
A credit is considered additional if the emissions reduction that underpins the credit would not 
have occurred in the absence of the activity that generates the credit (the business-as-usual 
scenario)74. 
  
Association of Southeast Asian Nations (ASEAN): an economic union comprising 10 
member states in Southeast Asia, which promotes intergovernmental cooperation and 
facilitates economic,  political,  security,  military,  educational, and sociocultural integration 
between its members and other countries in Asia75. 
 
Blue Carbon: Ocean-based carbon sequestration (e.g. mangroves and seagrasses) 
 
Carbon Stocks: The quantity of carbon in a “pool”, meaning a reservoir or system which has 
the capacity to accumulate or release carbon. 
 
Carbon Verification: Verification is the process of evaluating calculations of the actual 
amount of greenhouse gas emissions that have been avoided or sequestered through 
implementation of the project. 
 
Co-benefits: Co-benefits are a win-win strategy aimed at capturing both development and 
climate benefits in a single policy or measure76. With natural climate solutions, examples of 
co-benefits would include, inter alia, greater ecosystem resilience, increase in biodiversity, 
and local and regional economic opportunities. 
 
Green Carbon: Terrestrial-based carbon sequestration (e.g. forests and agriculture) 
 
Greenhouse gas (GHG): A Greenhouse gas is any gas that has the property of absorbing 
infrared radiation (net heat energy) emitted from Earth's surface and reradiating it back to 
Earth's surface, thus contributing to the greenhouse effect. Carbon dioxide, methane, and 
water vapour are the most important greenhouse gases77. 
 
IoT: Internet of Things 
 
Nationally Determined Contributions (NDCs): NDCs are at the heart of the Paris 
Agreement and the achievement of these long-term goals. NDCs embody efforts by each 
country to reduce national emissions and adapt to the impacts of climate change. The Paris 
Agreement (Article 4, paragraph 2) requires each Party to prepare, communicate and maintain 
successive NDC that it intends to achieve. Parties shall pursue domestic mitigation measures, 
with the aim of achieving the objectives of such contributions78.  
 
Nature-based Climate Solutions: are the conservation, restoration, and/or improved land 
management actions that increase carbon storage and/or avoid GHG emissions across global 
forests, wetlands, grasslands, and agricultural lands6. 
 
Net zero: Net zero emissions are achieved when anthropogenic emissions of GHG to the 
atmosphere are balanced by anthropogenic removals over a specified period. Where multiple 
greenhouse gases are involved, the quantification of net zero emissions depends on the 
climate metric chosen to compare emissions of different gases (such as global warming 
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potential, global temperature change potential, and others, as well as the chosen time 
horizon)79.  
 
Payments for Ecosystem Services (PES): occur when the beneficiaries or users of an 
ecosystem service make payments to the providers of that service. In practice, this may take 
the form of a series of payments in return for receiving a flow of benefits or ecosystem 
services80.  
 
REDD+: REDD+ (Reducing Emissions from Deforestation and Forest Degradation): The aim 
of REDD+ is to encourage developing countries to contribute to climate change mitigation 
efforts by: i) reducing GHG emissions by slowing, halting and reversing forest loss and 
degradation; and ii) increasing removal of GHGs from the earth’s atmosphere through the 
conservation, management and expansion of forests81 (FAO, 2020). 
 
Reforestation: The process of replanting trees in an area of degradation  
 
Restoration: The process of restoring degraded ecosystems 
 
Rewetting: Peatland rewetting is a low-cost, low-technology, high impact NbS to restore 
peatland forests. 
 
Roundtable on Sustainable Palm Oil (RSPO): a not-for-profit that unites stakeholders from 
the 7 sectors of the palm oil industry: oil palm producers, processors or traders, consumer 
goods manufacturers, retailers, banks/investors, and environmental and social non-
governmental organisations (NGOs), to develop and implement global standards for 
sustainable palm oil82.   
 
Smallholder Agriculture: includes small farmers who own/control the land they farm and 
those who do not. Often, the term “outgrower” is used to refer to a smallholder who is in a 













IX] Acronyms  
 
ASEAN: The Association of Southeast Asian Nations  
 
BRG: Peat Restoration Board of the Republic of Indonesia  
 
BRGM: Bandan Restorasi Gambut dan Mangrove 
 
CO2: carbon dioxide 
 
GHG: greenhouse gas  
 
GtCO2yr-1: Gigatonnes of Carbon Dioxide per year  
 




MgCO2e-1: Megatonnes of Carbon dioxide per year 
 
Mha: Million Hectares 
 
NbS: Nature-based climate Solutions  
 
NDCs: Nationally Determined Contributions  
 
N2O: Nitrous oxide  
 
NGO: Non-governmental Organisation 
 
REDD+: Reducing Emissions from Deforestation and forest Degredation 
 
RSPO: Roundtable on Sustainable Palm Oil  
 
SEA: Southeast Asia 
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